Bacteria were long assumed to be monoploid, maintaining one copy of a circular chromosome. In recent years it became obvious that the majority of species in several phylogenetic groups of prokaryotes are oligoploid or polyploid, e.g. in halophilic and methanogenic archaea, proteobacteria, and cyanobacteria. The present study aimed at investigating the distribution of ploidy in an additional group of prokaryotes, i.e. in the gram-positive genus Bacillus. First, the numbers of origins and termini of the two laboratory strains Bacillus subtilis and Bacillus megaterium were quantified using an optimized real time PCR approach. B. subtilis was found to be mero-oligoploid in exponential phase with, on average, 5.9 origins and 1.2 termini. In stationary phase the average numbers of origins per cell was considerably smaller. B. megaterium was found to be polyploid in exponential phase with about 12 copies of the origin and terminus. Again, the ploidy level was down-regulated in stationary phase. To verify that oligo-/polyploidy is not confined to strains with a long history of growth in the laboratory, three strains were newly isolated from soil, which were found to belong to the genera of Bacillus and Paenibacillus. All three strains were found to be oligoploid with a growth-phase dependent down-regulation of the ploidy level in stationary phase. Taken together, these results indicate that oligo-/polyploidy might be more widespread in Bacillus and related genera than assumed until now and that monoploidy is not typical.
gene. The sigL gene encoding the sigma factor 54 was chosen, and sigL sequences of ten species of the genus Bacillus and two species of the genus Paenibacillus were retrieved from the database and a multiple sequence alignment was generated using ClustalW. Two highly conserved regions were chosen and degenerated oligonucleotides were designed (sequences see Table S1 ). The oligonucleotides were used for amplification and sequencing of a sigL fragment of about 1 kbp using standard PCRs with the respective genomic DNAs of the three isolates. Based on the sequences of the three sigL genes oligonucleotides were designed for the amplification of standard fragments and analysis fragments for the three new isolates (Table S1 ). Quantification of the ploidy levels was performed as described below.
Growth curves and quantification of cell densities
For the generation of growth curves cultures were grown in 30 ml medium in 100 ml Klett flasks (37°C, 200 rpm). Growth was recorded using a Klett Colorimeter. In each case, three biological replicates were performed. Average values of the optical densities and their standard deviations were calculated. The doubling time was determined by fitting a straight line to the half-logarithmic representation of the optical densities in exponential phase. All growth curves are shown in the Supplementary Material.
For the quantification of genome copy numbers cell densities were determined microscopically using a Neubauer counting chamber.
Preparation of cell extracts
Aliquots of 1 x 10 8 to 5 x 10 8 cells were withdrawn from cultures in exponential or stationary phase, and cells were harvested by centrifugation (5 min 13000 rpm) and resuspended in 190 µl LPT buffer (1.2% (v/v) Triton-X-100, 20 mg/ml Lysozym, 2 mM EDTA and 20 mM Tris/HCl, pH 8.0). For isolate 2 additionally 50 U (exponentially growing cells) or 100 U (stationary phase cells) Mutanolysin (M9901, Sigma-Aldrich) were added to the LPT buffer.
The cells were incubated for 30 min at 37°C and subsequently 10 µl Proteinase K (20 mg/ml; Applichem) and 300 µl Lysisbuffer AL (Qiagen) were added to the suspension followed by a second incubation for 20 min at 65°C and a terminal heat-inactivation at 96°C for 5 min.
More than 98% of the cells had been lysed, which was verified by determination of the cell densities with a Neubauer counting chamber. Cell debris was pelleted by centrifugation (10 min 13000 rpm) and the integrity of genomic DNA was verified by analytical agarose gel electrophoresis. Aliquots of the cell extract were dialyzed on membrane tubes (Medicell International Ltd; MWCO 12-14 KDaltons) against distilled water. Serial dilutions were generated and 5 µl aliquots were included as template in real time PCR analyses for quantification of genome copy numbers (see below).
Quantification of ploidy levels using a real time PCR method
To determine genome copy numbers, a real time PCR approach was applied (Breuert et al., 2006) . At first, fragments of ~1 kbp were amplified using standard PCRs with genomic DNA of B. subtilis, B. megaterium and the three isolates I1, I2 and I3 as templates. The sequences of the oligonucleotides are included in Table S1 . The amplified genomic regions are summarized in Table S2 . The PCR fragments were purified by using preparative agarose gel electrophoresis and an AxyPrepDNA gel extraction kit (Axygen Biosciences). DNA concentrations were determined photometrically using a Nanodrop photometer (ND-1000; Nanodrop Tech., Rockland, USA). The numbers of DNA molecules per volume were calculated using the molecular weights of the PCR fragments computed with "oligo calc"
(www.basic.northwestern.edu/biotools) and the Avogadro number. For each standard fragment, a dilution series was generated and used for real time PCR analysis in parallel with dilution series of the respective cell extract. The "analysis fragments"
were about 200-300 bp and exact sizes and genomic localizations (when possible) are summarized in Table S2 . The real time PCR analyses were performed as previously described (Breuert et al., 2006) . By comparison of the threshold cycle (C T ) differences of the different dilutions it was verified that the PCR was exponential at least up to the threshold DNA concentration used for the analysis (i.e., a 10-fold dilution corresponds to a C T difference of ~3.32). In addition, a no template control was included to ensure that product formation was based on the added template DNA in standard curve and the dilutions of cytoplasmic extracts.
Furthermore, correct product formation and absence of byproducts was monitored by the generation of melting curves and checking the products by analytical gel electrophoresis.
A standard curve was generated and used to calculate the genome copy numbers present in the dilutions of the cell extract. In each case three biological replicates were performed. For every biological replicate four dilutions of the cytoplasmic extracts were analyzed in duplicates, therefore the calculated average ploidy levels rest on 24 technical replicates. In combination with the cell densities of the three biological replicates, the numbers of genome copies per cell were calculated. Figure S1 . For this as well as for all other species of this study the method of cell lysis was optimized to fulfill the following three criteria: 1) more than 95% of all cells were lysed, 2) the genomic DNA remained mainly intact and no fragments smaller than 20 kbp were visible in analytical agarose gels, and 3) the resulting cell extract did not inhibit exponential amplification during real time PCR, which was verified by a ΔC t value of about 3.32 of serial tenfold dilutions.
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The copy numbers of two genomic regions were quantified, which represent the intracellular concentration of the replication origin and the terminus, respectively. The results of three independent cultures in exponential and stationary phase are summarized in Table 1 . As expected, in exponentially growing cells the average number of origins (5.9±0.6) was found to be considerably higher as the number of termini (1.2±0.2). The average value of 5.9
indicates that most cells contain 4 or 8 origins, respectively, in congruence with one earlier report (Moriya et al., 2009) . The small average number of termini indicates that B. subtilis divides soon after replication is complete.
In stationary phase cells the average number of origins per cell was found to be considerably smaller (2.8±0.7) as in exponentially growing cultures, whereas the number of termini per cell (1.3±0.4) is nearly the same in exponential and stationary phase. However, as a culture in late stationary phase ( Figure S1 ) was analyzed, it had been expected that replication had long 
Ploidy levels of the three new isolates
Obviously the genome sequences of the three new isolates are unknown. However, for the application of the real time PCR method for ploidy quantification sequence information is a prerequisite. Therefore, a large part of the single copy gene sigL, which encodes the sigma factor 54, was amplified and sequenced for all three isolates (see Material and Methods).
These sequences enabled quantification of the copy numbers of the chromosomes of the three isolates, but of course the localizations of the respective sigL genes with respect to the replication origins are unknown.
For each isolate three independent cultures were grown in LB-Miller medium. They had doubling times of 26 minutes (isolate I1, growth curve: Figure S3 ), 24 minutes (isolate I2, growth curve: Figure S4 ) and 48 minutes (isolate I3, growth curve: Figure S5 ). The genome copy numbers were quantified for exponentially growing and stationary phase cultures, and the results are summarized in Table 4 . Isolate I1 had average genome copy numbers of 4.7 (±1.1) during exponential phase and 2.3 (±0.4) during stationary phase. Isolate I1 is thus oligoploid during exponential phase and diploid during stationary phase. The genome copy number of isolate I2 was also found to be growth phase-regulated, the average genome copy numbers were 6.4 (±1.4) during exponential phase and 2.4 (±0.3) during stationary phase. 
